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Dengue viruses (DENV), members of mosquito-borne Flaviviruses, are human pathogens of global
signiﬁcance. The virus enters the host cell through endocytosis and uncoating subsequent to a low pH-
triggered conformational change of E protein in endosomes. The endosomes are active in antigen
processing and the key enzyme involved is the gamma interferon-inducible lysosomal thiol reductase
(GILT). Here, we sought to address the role of GILT in DENV2 entry using ﬁbroblasts from wild type (WT)
and GILT knockout (GILT−/−) mice (MFs) with defective antigen processing. Our results obtained using
DENV2 infectious and Renilla luciferase reporter replicon RNAs show that WT MFs are relatively resistant
and GILT−/− MFs are susceptible to DENV2 translation and replication. We show that DENV2 infection of
WT MEFs induced autophagy based on an increased LC3-II/LC3-I ratio that is further enhanced in GILT−/−
cells. The increased susceptibility of DENV2 infection in the GILT−/−MFs strongly correlates with increased
autophagy.
& 2013 Elsevier Inc. All rights reserved.Introduction
Dengue viruses (types 1–4, DENV1–4), mosquito-borne mem-
bers of Flaviviridae family, are human pathogens of global impor-
tance as frequent outbreaks occur in tropical and subtropical
regions of the world where 2.5 billion people live and are at risk
from infections. Dengue virus infections frequently cause a self-
limiting febrile disease known as dengue fever, which could
occasionally lead to more severe and lethal forms such as dengue
hemorrhagic fever/dengue shock syndrome. Currently, there is no
vaccine or antiviral therapeutics for human use (for reviews, see
Hatch et al. (2008), Monath (2007), Noble et al. (2010), Sampath
and Padmanabhan (2009)).
Dengue virus RNA genome, ∼11 kb in length, contains a single
open reading frame that encodes a polyprotein encompassing three
structural proteins (capsid (C), pre-membrane (prM) which is
processed into M, and envelope (E)) at the amino terminus
and seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A,ll rights reserved.
anabhan),
ric).
United States Army Medical
Medical Sciences, Bangkok,
SRO) DHHS/NIH/NIAID/DEA/
Bethesda, MD20892-7616,NS4B and NS5) in the COOH terminus (for a review, see Lindenbach
and Rice (2003)). The mature and infectious DENV consists of a
nucleocapsid, composed of multiple copies of the C protein in
association with the viral RNA, surrounded by a lipid bilayer
decorated with M and E proteins. The E protein is responsible for
the productive entry of the virus by receptosome-mediated endo-
cytosis (Crill and Roehrig, 2001; Modis et al., 2004); for a review,
see Mukhopadhyay et al. (2005).
Once the virion enters the endosome, a low pH-dependent
conformational change occurs in the E protein from a homodimer
to a trimer (Modis et al., 2004); reviewed in (Mukhopadhyay et al.,
2005) that is required for uncoating of the virion and the release of
viral RNA into the cytoplasm. The enzyme-rich endosomal compart-
ment is normally active in antigen processing. One of the ﬁrst steps
in antigen processing is the reduction of disulﬁde bonds that is
achieved through the activity of GILT (Maric et al., 2001). In this
study, we investigated whether GILT targets the virus in the endo-
some. To this end, we used MFs from WT and GILT−/− to investigate
how an altered antigen processing machinery could affect their
susceptibility to infection by DENV2. We show that WT MFs from
C57/BL6 mouse are relatively resistant to DENV2 translation and
replication whereas those from GILT−/− cells support readily both
processes. We further show that enhanced susceptibility of GILT−/−
MFs to DENV2 infection correlate with induction of autophagy
signiﬁcantly at higher levels than observed in GILT-WT MFs. These
results support the notion that enhanced induction of autophagy in
GILT−/− cells promotes cellular environment favorable for viral
replication.
Fig. 2. GILT−/− MFs are more susceptible to DENV2 infection. (A) WT MFs and
GILT−/− MFs were infected with DENV2 at a MOI of 1 and incubated for 1h at 37C.
MFs were washed with PBS at least three times and incubated with complete RPMI.
Mediumwas collected after 16, 24 and 48 h. This mediumwas used in plaque assay.
Titers of DENV2 virus from WT and GILT−/− MFs were determined by plaque assay
on LLC-MK2 cells. Serially diluted supernatants recovered from the culture medium
were incubated with cells in paired wells of six-well plates for 2 h. Cells were
overlaid with media containing 0.5% Sea-Kem GTG agarose and were incubated for
9 d at 37 1C and visualized by staining with neutral red. The plaque numbers were
calculated on plates infected by 10, 100, or 1000 fold-diluted supernatants, based
on the plaque density on plates. (B) Mouse-ﬁbroblast cells (WT or GILT−/−) were
infected or mock infected with DENV2 virus at MOI 5 and 10. Twenty-four hours
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DENV2 infection induces GILT expression
Increased expression of GILT has been previously detected during
bacterial infection (Lackman and Cresswell, 2006) or under inﬂam-
matory conditions (Maric et al., 2001). Infection with a pathogen
usually requires increased rate of antigen processing and therefore
there is an enhancement of GILT expression. In this study, we sought
to investigate the status of GILT expression subsequent to DENV2
infection. WT MFs were infected for 1 h with DENV2 (New Guinea
strain C) at a MOI of 5 or 10 at 37 1C. The virus inoculum was
removed and cells were incubated in the complete RPMI medium for
24 h. The results of Western blot analysis of GILT levels in these cells
show that infection of MFs by DENV2 leads to a moderate increase in
GILT expression (Fig. 1). Therefore GILT is likely to be a part of a
normal cellular response to viral infection.
Lack of GILT increases MF susceptibility to DENV2
To test the hypothesis that GILT plays a role in the cellular
response to DENV2 infection, we infected WT and GILT−/− MFs with
DENV2 (MOI 1). The unabsorbed virions were removed from infected
monolayers of MFs and cells were subsequently incubated with
complete RPMI medium. Supernatants from the infected MFs were
collected at 16, 24 and 48 h to determine the virus titers by plaque
assays on monkey kidney (LLC-MK2) cells as described under
Methods (Teramoto et al., 2008; Zeng et al., 1998). The samples
taken from the DENV2-infected GILT−/− MFs showed a 13-fold
increase in number of plaques after 24 h and a 24-fold increase at
48 h post-infection compared with the samples from WT MFs
(Fig. 2A). Therefore, the presence of GILT appears to confer a
signiﬁcant degree of resistance to DENV2 infection in WT MFs and
that GILT−/− MFs provide a favorable environment for DENV2
replication.
DENV2 replication is increased in GILT−/−MFs
Our plaque assays showed higher yield of virus released from
the infected GILT−/− MFs as shown indirectly by plaque assays
performed on the susceptible host LLC-MK2 cells. Next, we sought
to test whether viral replication within GILT−/− MFs is altered. To
this end, WT and GILT−/− MFs were infected with DENV2 virus
(MOI 5 and 10) whereas uninfected cells served as the control.
After 24 h, cells were lysed and total RNA was extracted as
described under Methods. We measured the intracellular viral
RNAs by qRT-PCR. Our data indicate that approximately three toFig. 1. Infection of MFs by DENV2 increased GILT expression. MFs were either
mock infected or infected with 5 and/or 10 MOI with DENV2 for 1 h and cells were
harvested 24 h later and then lysed. Lysates were separated by 12% SDS-PAGE gel.
Proteins were transferred onto PVDF membrane and incubated with anti-GILT
serum. Membrane was stripped and re-incubated with anti-actin antibody as a
loading control. Antibody binding was detected using chemiluminescence kit
(Promega). Densitometry was performed and shown as GILT/β-actin ratio below.
KO represents GILT−/− MFs. This result is representative of at least two experiments.
later cells were lysed and RNA isolated with Trizol reagent. Viral RNAwas measured
by quantitative RT-PCR. (C) A full-length infectious DENV2 RNA was prepared by
in vitro transcription of SacI-digested cDNA plasmid and transfected by electro-
poration into LLC-MK2 cells as described previously (Polo et al., 1997; Teramoto
et al., 2008). After transfection, cells were incubated in a T-12.5 ﬂask, and on days
2 and 9, cells were trypsinized and transferred into a T-25 and T-75 ﬂasks,
respectively. Indirect immunoﬂuorescence staining against DENV2 NS1 antigen
(7E11) was done as described previously (Teramoto et al., 2008). (D) Transfection of
pCMV-GFP expression plasmid as controls into WT and GILT−/− MFs.four fold increase in viral RNA was produced in the GILT−/− MFs
24 h post infection (Fig. 2B).
However, this experiment did not exclude the possibility that
the WT and GILT−/− MFs may have different rates of infection due
to differences in the entry process via receptosome-mediated
endocytosis. To test this possibility, we transfected full length
infectious DENV2 RNA (Polo et al., 1997) directly into WT and
GILT−/− MFs by electroporation. After electroporation, cells were
incubated for 9 days, with two passages on day 3 and day 6.
DENV2 NS1 antigen was detected by indirect immunoﬂuorescence
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(Teramoto et al., 2008). The results show that signiﬁcantly more
NS1-positive cells were found in DENV2-RNA-transfected GILT−/−
cells than in the WT MFs treated in a similar manner (Fig. 2C). As a
control to monitor the transfection efﬁciency, pMAXGFP expres-
sion plasmid was used; both GILT−/− and WT MFs were transfected
with the same efﬁciency (Fig. 2D transfection control GILT−/− or
GILT-WT panels). Although the initial entry of the virus into the
endosome is bypassed by transfection of infectious DENV2 RNA,
virions produced from the transfected cells still go through the
canonical entry pathway of endocytosis for subsequent infection of
neighboring uninfected cells. These results indicate that the entry
process by receptosome-mediated endocytosis appears to be
functional in GILT−/− cells. However, the presence of GILT confers
resistance to DENV2 infection in WT MFs.
GILT speciﬁcally affects translation and replication of DENV2
We next investigated at what step GILT affects the virus life
cycle subsequent to transfection of viral RNA in WT MFs. We used
the DENV2 Renilla luciferase (Rluc) replicon RNA (Manzano et al.,
2011) to transfect WT and GILT−/− MFs, and then determined the
Rluc activity in the transfected cells at 2, 72 and 96 h post-
transfection to measure translation (at 2 h) and replication (at 72
and 96 h) of DENV2 replicon RNA, respectively (Manzano et al.,
2011). Equal amounts of DENV2 replicon/Rluc reporter RNA and a
transfection control RNA encoding the ﬁreﬂy luciferase reporter
(Fluc) ﬂanked by the 5′- and 3′-UTRs of rabbit α-globin gene (Chiu
et al., 2005) were co-transfected into WT and/or GILT−/− MFs. Cell
lysates were prepared at 2, 72 and 96 h post-transfection and the
luciferase activity was measured. Two hours post-transfection
luciferase activity in the WT MFs was o1% of the level in theFig. 3. Translation and replication efﬁciencies of DENV2 Renilla luciferase
replicon RNA in WT and GILT−/− MFs. DENV2 replicon RNA was electroporated
in WT and/or GILT−/− MFs. Luciferase activities at 2, 72 and 96 h post-transfection
were determined. These time points were previously determined to correspond to
translation (2 h; (A)) and replication (72 and 96 h; (C) and (D)) of the RNA
(Manzano et al., 2011). Luciferase activities were measured at 2h, 72h and 96h
respectively. (B) Control RNA encodes the ﬁreﬂy luciferase reporter gene ﬂanked by
the 5′- and 3′-UTRs of rabbit α-globin gene. The luciferase activity was measured at
2 h post-transfection.GILT−/− MFs (Fig. 3A), indicating that in WT MFs DENV2 RNA
translation is suppressed. Furthermore, translation of the control
Fluc RNA (Chiu et al., 2005) readily occurred in both WT and
GILT−/− MFs (the level of Fluc was ∼30% higher in WT MFs)
indicating that DENV2 translation is speciﬁcally suppressed in
WT MFs (Fig. 3B). In the same experiment, the replication of the
viral RNA was measured by Rluc activity (72 or 96 h post-
transfection). The luciferase activity in GILT−/− was approximately
∼3-fold higher than in WT MFs (Fig. 3C and D) which is consistent
with data obtained by RT-qPCR (Fig. 2B).Induction of autophagy in WT and GILT−/− MFs
Previous studies revealed that DENV infection of human hepato-
cellular carcinoma (Huh7 or HepG2) cells resulted in induction of
autophagy which promoted viral replication (Lee et al., 2008;
Panyasrivanit et al., 2009a, b). Induction of autophagy has also been
shown to promote viral replication in other viruses by suppressing
cellular defenses (Munz, 2007; Orvedahl et al., 2007; Shelly et al.,
2009; Wileman, 2006). Therefore, in this study we sought to inves-
tigate the induction of autophagy in WT and GILT−/−MFs and whether
GILT plays any role in autophagy. The best-known marker for
autophagy is Atg8, also known as microtubule-associated protein
1 light chain 3 (LC3). The formation and association of lipidated LC3
(the LC3-II form) with membranes induced by autophagy and
increased ratio of LC3-II/LC3-I (Kabeya et al., 2000; Kimura et al.,
2007), are hallmarks of autophagy (Bampton et al., 2005; Kabeya et al.,
2000). The subsequent fusion of autophagosomes with lysosomes
results in the degradation of LC3-II (Eskelinen, 2005; Mizushima et al.,
2010; Yoshimori, 2010).
Therefore, we treated uninfected WT and GILT−/− MFs with
100 μM chloroquine (CQ), a drug that inhibits progression of
autophagosomes into autophagolysosomes leading to the accu-
mulation of LC3-II. Cells treated for 6 or 18 h with chloroquine,
were lysed and 5 μg of proteins were used for Western blotting for
detection of LC3-II expression and estimation of the LC3-II/LC3-I
ratio. Our data (Fig. 4A) show that GILT−/− MFs treated withFig. 4. Increased autophagy in GILT−/− MFs. (A) WT and GILT−/− MFs were either
not treated or treated with 100 μM chloroquine (CQ) for indicated times (6 and
18 h). Cells were lysed and 5 μg of lysates were separated on 12% SDS-PAGE gel
followed by Western blotting for LC3 expression. Membrane was stripped and re-
incubated with anti-actin antibody for loading control. Densitometry was per-
formed on LC3-I and LC3-II bands and the ratios are shown below. (B) WT and
GILT−/−MFs were infected by DENV2 (MOI 1) for 1 h, washed and incubated in plain
medium for 24 h. Cells were treated as described in A.
Fig. 5. Presence of GILT decreases translation and replication of viral RNA. WT,
GILT−/− and GILT−/− MFs reconstituted with GILT gene (GILT −/−-++) were trans-
fected with DENV2 replicon. Luciferase activity was measured after 2 h (A) for
translation and 96 h (B) for replication.
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to WT ﬁbroblasts suggesting that in the absence of GILT autophagy
is increased. When GILT−/− and WT MFs were infected with
DENV2, the LC3-II/LC3-I ratio increased in both samples but more
signiﬁcantly in GILT−/− cells (Fig. 4B).
Rapamycin is a speciﬁc inhibitor of mTOR pathway and induces
autophagy (Schmelzle and Hall, 2000). We ﬁrst veriﬁed that
rapamycin treatment alone in the absence of viral infection
induced autophagy in WT and GILT−/− MFs. The LC3-II:LC3-I ratios
increased 2 to 2.5-fold in WT and GILT−/− MFs, respectively. This
increase is sufﬁcient to confer WT MFs susceptible to DENV2
infection (data not shown). To conﬁrm that increased autophagy
contributes at least partially to increased susceptibility of DENV2
replicon to translation and replication, we treated both WT and
GILT−/− cells with rapamycin and transfected with replicon RNA.
The results show that DENV2 translation and replication are
increased in rapamycin-treated cells (Fig. 5A and B). Moreover,
GILT−/− cells consistently show increased translation and replica-
tion of DENV2 when compared with WT cells with the same
treatment. However, when GILT was reconstituted in GILT−/− cells
by ectopic expression of GILT gene the levels of translation and
replication were suppressed consistent with the phenotype of GILT
WT MFs (Fig. 5A and B). These results support that GILT is an
important determinant that regulates susceptibility of MFs to
DENV2 at least in part by regulating autophagy in our system.Discussion
During infection DENV enters the target cell by receptor-
mediated endocytosis followed by fusion of envelope (E) protein
with the endosomal membrane before viral RNA is released into
the cytoplasm. The fusion is triggered by low pH environment in
endosomes and is mediated by E glycoprotein (Despres et al., 1993;
Mueller et al., 2008; Randolph and Stollar, 1990). We surmised that
DENV virion could be a potential target for GILT, an antigen-
processing enzyme residing in early endosome. One possibility is
that GILT targets the E protein that contains disulﬁde bonds and
inhibits its fusion with the endosomal membrane and subsequent
release of RNA into the cytoplasm. We tested this possibility by
transfection of the full length infectious RNA by electroporation to
bypass the entry through the endosome. However, although the
ﬁrst round of virus life cycle initiated from the viral RNA (transla-
tion, replication, and assembly into infectious virions) is indepen-
dent of endosome involvement, subsequent rounds have to go
through receptosome-mediated endocytosis, fusion to endosomal
membrane, assembly, release, and cell-to-cell spread of progenyvirions. The results of experiments with virus infection or trans-
fection of full length RNA (Fig. 2A–C) showed that there was same
level of resistance or susceptibility to DENV2 infection in WT MFs
and GILT−/− MFs, respectively. However, the results obtained with
replicon RNA, which completely bypasses the endosome, clearly
show that WT MFs are resistant and GILT−/− MFs are supportive to
viral RNA translation and replication due to induction of autop-
hagy (Fig. 3 and Fig. 4B).
The second possibility is that the resistance of WT MFs to
DENV2 infection is likely related to previously reported ﬁndings
that alleles at the ﬂv locus, identiﬁed to encode the 2′–5′ oligoa-
denylate synthetase 1b (Oas1b) gene (Perelygin et al., 2002) of
mice, determine the susceptibility or resistance to ﬂavivirus
infection (Scherbik et al., 2006; Urosevic, 2003). The resistance
to ﬂavivirus infection in these mice is mediated by RNase L
pathway. Since autophagy is induced in GILT−/− MFs, based on
previous studies it is possible that Oas1b gene expression is
suppressed resulting in increased viral replication. For example,
it was previously reported that (1) HCV infection of immortalized
human hepatocytes (IHH) (Kanda et al., 2006) upregulates IFN-β
and OAS1 gene expression (Ait-Goughoulte et al., 2008) and that
(2) siRNA-mediated knockdown of the key component of autop-
hagy, Beclin 1, in the HCV genotype 1a and 2a infected IHH
(siBCN1-BIHH) resulted in 6–10 fold higher IFN-β and OAS1 mRNA
levels as well as increased expression of IFN-α compared to the
control HCV infected IHH cells. These results taken together with
the results obtained from knockdown of another autophagy
protein ATG7 suggested that HCV induced autophagy suppresses
IFN signaling pathway including OAS1 gene expression and that
knockdown of autophagy proteins Beclin1 and ATG7 relieves this
suppression (Shrivastava et al., 2011). Other studies showed that
HCV replication is also enhanced through activation of unfolded
protein response and autophagy (Estrabaud et al., 2011; Ke and
Chen, 2011; Pena and Harris, 2011) (reviewed in Fischl and
Bartenschlager (2011)). Furthermore, it was shown that increased
autophagy suppresses antiviral immunity of the host and pro-
motes viral RNA replication in the case of vesicular stomatitis virus
(Jounai et al., 2007).
GILT−/− MFs exhibited increased sensitivity to DENV2 infection
as measured by plaque assay and supported viral RNA translation
and replication as revealed by replicon assays. We show here that
the mechanism by which the susceptibility to viral replication
enhanced in GILT−/− MFs is by induction of autophagy (Fig. 4). This
conclusion is further supported by treatment of both WT and
GILT−/− MFs with rapamycin, a compound known to induce
autophagy, followed by replicon assays to measure viral RNA
translation and replication (Fig. 5A and B). Thus, it is possible that
increased autophagy induced by knockout of GILT gene could
negatively regulate OAS1 and RNase L allowing DENV2 replication
that we observe in GILT−/− MFs.
Previous studies reported that DENV replication markers colo-
calize with markers of autophagic and endosomal vesicles, the
membranous compartments known as amphisomes formed by
fusion of autophagosomes with endosomes (Panyasrivanit et al.,
2009a, b). It was proposed that amphisomes are the site of DENV
translation and replication (Khakpoor et al., 2009; Panyasrivanit
et al., 2009a). However, cryo-electron microscopy as well as 3D-
tomography data localize virus replication sites within structures
contiguous with the endoplasmic reticulum and not in distinct
structures like amphisomes (Welsch et al., 2009).
Recently, autophagy was shown to regulate cellular lipid
metabolism (Singh et al., 2009). Cellular lipids stored as triglycer-
ides and cholesterol esters in lipid droplets are hydrolyzed in
response to nutrient deprivation that induces autophagy (Heaton
and Randall, 2010; Martin and Parton, 2006; Singh et al., 2009). It
was shown that autophagy induced by DENV infection resulted in
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oxidation to provide energy source for viral RNA replication. Thus,
these autophagy-dependent changes in lipid metabolism in which
DENV protein such as capsid and NS3 play a role in increased viral
replication (Heaton et al., 2010; Heaton and Randall, 2010, 2011;
Samsa et al., 2009). In a recent study, it was shown that inhibition
of autophagy resulted in defective virion maturation (Mateo et al.,
2013).
Previous studies have indicated that GILT has complex inter-
related functions and ablation of GILT impacts on global changes in
the host. In one study, it was reported that mitochondrial
manganese superoxide dismutase expression and cell proliferation
are affected by the absence of GILT expression in ﬁbroblasts
(Bogunovic et al., 2008). In the absence of GILT, cells undergo
oxidative stress with higher superoxide and reduced glutathione
levels (Chiang and Maric, 2011). Oxidative stress induced by
ablation of GILT and concomitant enhanced β-oxidation and
perturbation of lipid droplet compartment are likely to be inter-
connected in promoting DENV replication. Increased susceptibility
of GILT−/− MFs to DENV2 infection warrants further research to
explore the use of GILT−/− mouse as an alternative to the current
widely used AG129 mouse model (Shresta et al., 2006) for study-
ing DENV pathogenesis.Methods
Cells, viruses and infection
Mouse skin ﬁbroblasts (MFs) (1105 per well in six well plate)
were infected for 1 h with DENV2 (GenBank accession # M29095.1;
New Guinea C strain; (Irie et al., 1989)) at a MOI 5 or 10 at 37 1C in a
CO2 incubator and then washed with phosphate-buffered saline
(PBS) three times. Cells were then incubated in the complete
Rosewell Park Memorial Institute (RPMI) medium for 24 h.Plaque assay
The monolayers of MFs were infected with DENV2 (MOI 1),
washed with PBS three to four times to remove the unabsorbed virus
inocula and subsequently incubated with complete RPMI medium.
Samples of medium from the infected monolayers of MFs were
collected at 16, 24 and 48 h and were used to determine the virus
titers by plaque assays on monkey kidney (LLC-MK2) cells (Teramoto
et al., 2008; Zeng et al., 1998). Brieﬂy, supernatants recovered from the
culture mediumwere serially diluted to 10, 100, or 1000-fold and used
to infect LLC-MK2 cells seeded in paired wells of six-well plates for 2 h.
Cells were overlaid with an aliquot of the RPMI medium containing
0.5% Sea-Kem GTG agarose (FMC Bioproducts) and were incubated for
9 days at 37 1C. Plaque titers were determined by neutral red staining.Fluorescence confocal microscope imaging and analysis
DENV2 RNA (Polo et al., 1997) was introduced intoWTand GILT−/−
ﬁbroblasts by electroporation. Brieﬂy, 1106 cells (WT or GILT−/−)
were electroporated with either 2 μg of pMax-GFP construct as a
control for electroporation, and/or with the DENV2 RNA prepared as
described previously (Teramoto et al., 2008). After electroporation,
cells were incubated in a T-12.5 ﬂask, and on days 2 and 9, cells were
trypsinized and transferred into T-25 and T-75 ﬂasks, respectively.
Indirect immunoﬂuorescence staining was performed to detect the
DENV2 NS1 antigen using the monoclonal antibody 7E11 as
described (Teramoto et al., 2008).Replicon assay
The full-length cDNA of DENV2 (pRS424FLD2; see ref. (Polo et al.,
1997)) was used as a template to construct the luciferase replicon,
pRS4242DENV2Rluc as described (Manzano et al., 2011). The replicon
cDNA was linearized with EcoICRI (Promega, Madison, WI) and used
as a template for in vitro transcription using the AmpliScribe SP6
High Yield Transcription Kit (Epicentre Biotechnologies, Madison,
WI). Prior to electroporation, WT or GILT−/− MFs were either treated
or untreated with 0.1 μM rapamycin (LC Laboratories) for 3 h. Equal
amounts of Rluc reporter replicon RNA and a transfection control
RNA encoding the ﬁreﬂy luciferase reporter ﬂanked by the 5′- and 3′-
UTRs of rabbit α-globin gene (Chiu et al., 2005) were cotransfected
into WT or GILT−/− MFs (∼2106 cells) by electroporation using
Ingenio Solution (Mirus Bio, Madison, WI) and the program T020 of
Nucleofector electroporator (Lonza, Cologne, Germany). Immediately
after electroporation, cells were plated in a 48-well plate with
complete EMEM with or without 0.1 μM rapamycin and were
harvested at 2, 72 and 96 h with 60 mL of lysis buffer (Renilla/Fireﬂy
Dual Luciferase Assay System, Promega). Luciferase activity was read
with LB 960 luminometer (Berthold Technologies, Oakridge, TN) with
2 s delay and 10 s measurement.
Western blot analysis
WT and GILT−/− MFs treated or untreated with chloroquine (CQ)
were lysed in Tris/Saline/1% TX-100 buffer supplemented with
protease inhibitor cocktail (Roche). Each sample (5 μg) was frac-
tionated by SDS-PAGE (12%). Proteins were transferred onto a
polyvinylidene ﬂuoride (PVDF) membrane. LC3 bands were
detected by incubation with anti-LC3 antibody (Thermo Scientiﬁc,
Rockford, IL) and HRP-conjugated goat anti-rabbit IgG (H+L)
(Jackson ImmunoResearch, West Grove, PA). The membrane was
stripped and re-incubated with rabbit anti-mouse β actin (Sigma,
St. Louis, MO) as a loading control. Band intensities were quanti-
ﬁed using the KODAK Gel Logic 100 Imaging System. The data is
presented as the ratio of LC3-II/LC3-I and the β actin control.
Alternatively, cells were pre-treated with 0.1 μM rapamycin in
RPMI medium 1640+10% FBS for 3 h and infected with DENV2
(MOI 1) in medium containing rapamycin (0.1 μM). One hour after
infection, cells were incubated in a fresh medium containing
rapamycin (0.1 μM) for 48 h.Acknowledgments
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